
Europaisch s Patentamt 
European Patent Offlc 
Office europe n des br vets 





© Publication number : 0 597 629 A1 



EUROPEAN PATENT APPLICATION 



@ Application number: 93308821.3 



© int. ci. 6 : H04N 13/04, G02B 27/22 



Date of filing : 04.11.93 



@ Priority: 11.11.92 GB 9223652 

@ Date of publication of application : 
18.05.94 Bulletin 94/20 



© Designated Contracting States : 
DE FR GB 



@ Applicant : SHARP KABUSHIKI KAISHA 
22-22 Nagalke-cho Abeno-ku 
Osaka 545 (JP) 



@ Inventor : Woodgate, Graham John 
77 Greys Road 

Henley-on-Thames, Oxfordshire RG9 1TD (GB) 
Inventor: Ezra, David 
19 Monks Mead, Brightwell-cum-Sotwell 
Wallingford Berkshire (GB) 

@ Representative : White, Martin David et al 
MARKS & CLERK, 57/60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



@ Display. 



(57) An auto stereoscopic 3D display comprises a 
hybrid sandwich (11) comprising a first lenticu- 
lar screen (12), a spatial light modulator (13), a 
drffuser (14), and second lenticular screen (16). 
A plurality of light sources (1 to 4) produce in 
turn divergent light beams which are modulated 
by the modulator (13) with two interlaced views. 
The hybrid sandwich (11) projects the views in 
different directions towards an observer (17). 
The different 2D views are thus visible from 
directions corresponding to the directions in 
which the views were captured during record- 
ing of a 3D image. Each eye of the observer (17) 
sees a single view across the whole of the 
display. 
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The present invention relates to a display. Such 
a display may be used as a non-holographic three- 
dimensional (3D) display which is capable of forming 
a 3D image of opaque moving objects. 

A known type of 3D display creates an illusion of s 
a 3D image to a human observer by displaying a plur- 
ality of two-dimensional (2D) images in sequence. 
Each of the 2D images comprises a view of an object 
from a particular direction and is replayed in that di- 
rection. The perceived quality of 3D images provided w 
by such techniques improves as the size of the dis- 
play is increased. 

GB-A-2 206 763 discloses a stereoscopic display 
apparatus in which light, from a light source posi- 
tioned in the focal plane of a converging lens, is con- 1 s 
verted into parallel rays of light before being passed 
through a spatial light modulator. 

US 5 062 689 discloses a projection display in 
which light is modulated by a spatial light modulator 
and then imaged on a screen. 20 

US 3 858 001 discloses a stereoscopic display 
apparatus in which first and second images are pola- 
rised in first and second directions, respectively. The 
viewer wears spectacles containing analysers so that 
each eye receives only a respective image. 25 

GB-A-1 273 062 discloses a stereoscopic display 
apparatus in which an image on a CRT is displayed 
through an array of lenses or pin holes. 

British Patent Application No.9210399.3 disclo- 
ses a 3D display in which temporal and spatial multi- 30 
plexing are used to provide an autostereoscopic 3D 
image. By combining temporal and spatial multiplex- 
ing, an increased number of 2D views can be provid- 
ed. However, the number of 2D views is limited by the 
maximum update rate and resolution of presently 35 
available spatial light modulators (SLM). 

When a display of this type is increased in size 
s as to provide a relatively large display, each eye of 
an observer located at a given position will not see the 
same 2D view across the whole of the screen. In- 40 
stead, the eye will see juxtaposed vertical slices of 
two or more different views on the screen with each 
slice having a width which is dependent on the posi- 
tion of the observer with respect to the display and on 
the display optical geometry. Each eye sees a differ- 45 
ent set of view slices which would give the appear- 
ance of a 3D image. However, the view slices can 
cause problems in the perception of a 3D image. 

If a limited number of 2D views is available be- 
cause of limited SLM update rate and resolution, then so 
there may be an insufficient number of view slices to 
fill the display while maintaining the correct imaging 
directions for each view, so that the observer sees a 
3D image over only part of the display. Thus, the dis- 
play size is limited by th maximum update rates and 55 
resolutions of presently available SLMs. 

According to the present invention, there is pro- 
vided a display for producing an autostereoscopic im- 



age, comprising at least one light source for producing 
a divergent beam of light, and a spatial light modulator 
comprising a plurality of light modulating cells for 
modulating light passing therethrough from the at 
least one light source in accordance with image data, 
characterised by: a first array of lenses or apertures 
arranged to receive the divergent light beam from the 
or each light source, each of the lenses or apertures 
being arranged to produce an image of the or each 
light source at a common image plane such that each 
image is laterally displaced by a respective predeter- 
mined amount from an optical axis of the correspond- 
ing lens or aperture and the respective predeter- 
mined amounts vary progressively across the com- 
mon image plane; and a second array of lenses or 
apertures having a common object plane which coin- 
cides with the common image plane. 

The apertures may be elongate. Preferably the 
first array of lenses or apertures is located between 
the at least one light source and the spatial light mod- 
ulator. Alternatively, the spatial light modulator may 
be located between the at least one light source and 
the first array of lenses or apertures. 

The lenses of the first and second arrays are pre- 
ferably converging lenses. For instance, the first and 
second arrays may comprise lenticular screens, for 
instance in the form of a plurality of parallel elongate 
lenticules having cylindrical convergent properties. 
The at least one light source may comprise a linear ar- 
ray of light sources extending perpendicularly to the 
lenticules. Such an arrangement may be used to pro- 
vide horizontal parallax. Where both horizontal and 
vertical parallax is required, the first and second ar- 
rays may comprise 2D arrays of lenses, for instance 
in the form of microiens arrays. The lenses may be of 
the spherical convergent type and the at least one 
light source may comprise a two dimensional array of 
light sources. In either case, the light sources may be 
illuminated one at a time sequentially by suitable con- 
trol means. The or each light source may be contigu- 
ous with the or each adjacent light source. 

The pitch of the lenses or apertures of the first ar- 
ray may be substantially equal to the pitch of the cells 
of the spatial light modulator. This pitch may be less 
than the pitch of the lenses or apertures of the sec- 
ond array, which may for instance be an integer mul- 
tiple of the pitch of the lenses or apertures of the first 
array and the pitch of the cells of the modulator. 

Adiffuser may be located between the modulator 
and the second array. The diffuser is preferably locat- 
ed at or adjacent a common focal plane of the lenses 
of the second array, and at an image plane of the or 
each light source imaged by the lenses of the first ar- 
ray. 

Alternatively, a field lens may be interposed be- 
tw n the first and second arrays. 

An opaqu barrier may be disposed between the 
modulator or diffuser and the second array for block- 
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ing transverse light paths. 

It is thus possible to provide a display which is ca- 
pable of being used as a large 3D display with each 
eye of an observer at a given position observing a sin- 
gle 2D view across the whole of the display. The eyes s 
of the observer see different 2D views, thus giving 
the appearance of a 3D image. Such a display has 
many possible uses, for instance in television, com- 
puter aided design, medical imaging, video games, si- 
multaneous 3D and 2D presentation, and virtual real- 10 
ity displays. 

The invention will be further described, by way of 
example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a diagrammatic plan view of a display 1 s 

of the type disclosed in British Patent Application 

No.921 0399.3; 

Figure 2 illustrates the appearance of a large dis- 
play of the type shown in Figure 1 when seen with 
one eye of an observer; 2 o 
Figure 3 is a diagrammatic plan view of a 3D dis- 
play constituting a first embodiment of the inven- 
tion; 

Figure 4 illustrates diagrammatically part of the 
display of Figure 3 in more detail; and 25 
Figures 5, 6, 7, and 8 are diagrammatic plan 
views of 3D displays constituting second, third, 
fourth, and fifth embodiments, respectively, of 
the invention. 

Like reference numerals refer to like parts 30 
throughout the drawings. 

The display shown in Figure 1 comprises a linear 
array of N light sources 1 to 8, where N=8 in the ar- 
rangement shown. The light sources 1 to 8 are con- 
tigu us so as to form a continuous strip. The light 35 
sources are connected to a control circuit 9, which 
causes the light sources to be iluminated one at a 
time repetitively in order, Figure 1 indicating that the 
fight source 5 is illuminated. The linear array of light 
sources 1 to 8 is disposed in the focal plane of an B- 40 
lumination or collimating system 10, which is shown 
as a plano-convex lens having a cylindrical convex 
surface. The system 10 produces collimated light 
from each point of each of the light sources 1 to 8. Be- 
cause the light sources have finite dimensions, the 45 
light output of the collimating system has a spread of 
angles. 

Collimated light from the lens 10 is directed to- 
wards a hybrid sandwich 11 at an angle which is de- 
termined by which of the light sources 1 to 8 is pre- so 
sently iluminated. The hybrid sandwich comprises a 
lenticular screen (LS1) 12 formed by a plurality of 
contiguous cylindrical converging lens lements r 
lenticul s having a horizontal pitch p. The screen 12 
is followed by a SLM 13 in the form fa 2D liquid crys- 55 
tal device which is connected to th control circuit 9. 
The SLM 1 3 comprises a 2D array of picture elements 
whos light transmission properties (and colour trans- 

3 



mission properties for a colour display) are controlled 
by the control circuit 9. 

The SLM is follow d by a diffuser 14 which is 
separated by a grid or barrier 15 for blocking lateral 
light paths from a further lenticular screen (LS2) 16. 
The screen 16 is similar to the screen 12 but has a 
horizontal pitch equal to Mp, where M is an integer 
greater than 1. 

In use, the light rays from the illuminated light 
source 5 are collimated into parallel light rays by the 
system 10 and are focused by the screen 12 through 
t he SLM 1 3 onto the diffuser 14. The picture elements 
of the SLM 13 are controlled by the control circuit so 
as to provide, for instance, two views of the image tak- 
en from different directions during image capture. The 
two views are interlaced such that alternate strip por- 
tions correspond to a respective one of the views. 

The picture elements of the SLM 13 control the 
amount (and colour for a colour display) of light pass- 
ing through the SLM so that a 2D array of images of 
the light source 5 is formed on the diffuser 14 corre- 
sponding to the two interlaced views. Each of the len- 
ticules of the screen 16 converts the images on the 
diffuser 14 into output ray bundles whose angles of 
emission from the hybrid sandwich 11 depend on the 
lateral locations of the images on the diffuser 14 with 
respect to the optical axes of the lenticules. The two 
views represented on the SLM 13 are therefore visi- 
ble from different angles corresponding to the angles 
of the object from which the views were taken during 
image capture. The grid or barrier 15 prevents each 
lenticule of the screen 16 from imaging the light im- 
ages formed on the diffuser 14 and associated with 
adjacent lenticules of the screen 16. 

After the fight source 5 has been actuated for a 
predetermined time, the control circuit 9 deactivates 
the light source 5 and causes the SLM 13 to display 
the next pair of interlaced views. The next light source 
4 is then activated and the screen 12 images the light 
through the SLM 13 onto regions of the diffuser 14 
which are laterally displaced with respect to the im- 
ages formed when the light source 5 is illuminated. 
Thus, the lenticular screen 16 provides output ray 
bundles directed at different angles corresponding to 
the directions of the view of the object during image 
capture. 

This sequence of operation continues until each 
of the light sources of the linear array has been illu- 
minated in turn, with the views represented on the 
SLM corresponding to a single "frame" of the 3D im- 
age. The whole sequence is then repeated for new 
sets of views representing cons cutive frames consti- 
tuting consecutive 3D images, the rate of repetition 
being sufficiently large to provide a substantially flick- 
r-free image. The number of views making up each 
3D image is equal to MxN. Although Figure 1 shows 
a display capable of providing 16 views per imag , 
practical SLMs may have refresh rates limited to 100 
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Hz so that, in order to provide a flicker-free image, the 
array of light sources may comprise only two sources. 
Similarly, practical SLMs may have resolution limits 
such that only two views at a time can be produced. 
Thus, the number of views per frame may be limited s 
to four. 

It is intended that, for each given position of the 
observer within a region in front of the display for 
which a 3D effect is to be produced, each eye of the 
observer sees only one of the views across the whole w 
display in the direction corresponding to that from 
which the 2D view was captured. However, for rela- 
tively large 3D displays, the limited resolution and 
frame rate of the SLM 13 and the optical geometry of 
the display can result in the appearance illustrated in 15 
Figure 2. Thus, in a middle region 18 of the display, 
one eye of t he observer sees pa rt of a first view. Ho w- 
ver, at edge regions 19 and 20 of the display, the 
same eye of the observer sees parts of second and 
third different views. The view slices can cause prob- 20 
lems in the perception of a 3D image. 

The display shown in Figure 3 differs from that 
shown in Figure 1 in that the collimating system 10 is 
omitted. Also, the array of light sources is shown as 
comprising only four such sources 1 to 4. Otherwise, 25 
the control circuit 9 and the hybrid sandwich 11 are 
substantially identical to the corresponding parts of 
the display of Figure 1. 

In use, the control circuit 9 controls the light 
sources 1 to 4 and the SLM 1 3 as described with ref- 30 
erence to Figure 1. However, the hybrid sandwich 11 
receives a divergent beam of light from each of the 
light sources 1 to 4, so that the light sources are im- 
aged by the lenticules of the screen 12 through the 
SLM 13 onto different positions on the diffuser 14 lo- 35 
cated at an image plane of the first array. When each 
light source is illuminated, its image on the diffuser 14 
is at the same position as in the display of Figure 1 
for the lenticule of the screen 12 on whose optical axis 
the light source is located, Le. it has a lateral displace- 40 
mentof zero. For other lenticules, the light source Im- 
ag is laterally displaced progressively further to- 
wards the edge of the drffuser as the lateral distance 
f the lenticule from the above-mentioned optical axis 
increases. This offset is illustrated at 21 in Figure 4 45 
with the light source 3 illuminated. The lateral dis- 
placement therefore varies progressively across the 
whole of the diffuser, changing sign when the normal 
from the illuminated light source to the drffuser is 
passed. Thus, the direction of light emerging from 50 
each lenticule of the screen 16 varies progressively 
across the display, so that each view of the interlaced 
pair of views is projected towards a single point in- 
stead of in a single direction as for the display of Fig- 
ure 1. Thus, an observer 17 will see a single but drf- 55 
ferent 2D view with each ye ver the whole of the 
display so that the appearance of a full screen 3D im- 
ag will be produced. Figure 4 illustrates at 24 the 



points or regions towards which the two views pro- 
duced when the light source 3 is illuminated are pro- 
jected. 

The diffuser 14 may be replaced by a field lens. 

Such an arrangement provides a limited region 
from which an observer may perceive the 3D effect. 
For instance, for a display of size 0.5 m with an ob- 
server located 1 m from the front surface, a display 
providing four views permits the observer to maintain 
a 3D image within a region which extends approxi- 
mately 200 mm laterally on either side of a normal to 
the centre of the display and 260 mm in front of and 
behind the observer position. An SLM frame rate of 
100 Hz permits a non-flickering image to be per- 
ceived. 

When the first array is a parallax barrier, it no lon- 
ger has a single image plane, but instead any plane 
parallel to the first array can be an image plane. Sim- 
ilarly, when the second array is a parallax barrier, any 
one of a plurality of planes parallel to the second ar- 
ray and between the first and second arrays may 
serve as an object plane. 

Figure 5 illustrates a display which differs from 
that of Figure 3 in that the lenticular screens 12 and 
16 are replaced by parallax barriers 22 and 23, re- 
spectively. 

Each of the barriers comprises a plurality of slits 
arranged perpendicularly to the axis of the array of 
light sources 1 to 4. The pitch of the slits of the barrier 
22 is equal to the pitch of the elements of the SLM 1 3, 
whereas the pitch of the slits of the barrier 23 is equal 
to twice that of the barrier 22. Operation of this dis- 
play is the same as that of the display shown In Figure 
3. 

Figure 6 shows a display which differs from that 
of Figure 3 in that the lenticular screen 12 is replaced 
by a parallax barrier 22 of the type shown in Figure 
6. The display of Figure 7 differs from that shown in 
Figure 3 in that the lenticular screen 16 is replaced by 
a parallax barrier 23 of the type shown in Figure 5. 
The operations of the displays of Figures 6 and 7 are 
the same as that of the display shown In Figure 3. 

Figure 8 shows a display which differs from that 
of Figure 3 in that the lenticular screen 12 follows the 
SLM 13 and in that the grid or barrier 15 has been 
omitted (although it may be included). The SLM 13 
thus modulates the divergent light beams from the 
light sources 1 , 2 (only two are shown in Figure 8) and 
the modulated beams are imaged onto the drffuser 14 
by the lenticular screen 12. 

The lenticular screen 12 and/or the lenticular 
screen 16 may be replaced by a respective parallax 
barri r of the type shown in Figures 5 to 7. Although 
the lenticular screen 12 ( r the parallax barrier) may 
b located behind the SLM 13 as sh wn in Figure 8, 
it is at present preferred to place it in front of th SLM 
13 as shown in Figures 3 to 7. 

It is thus possible to provide a relatively larg 3D 
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display in which, from any point within a region from 
which the 3D effect may be viewed, ach eye of an 
observer sees a single view extending across the 
whole of th display. This is achieved without the 
need to increase the frame rate or resolution of the 
SLM. 



properties. 

8. A display as claimed in Claim 7, characterised in 
that the at least one light source (1-4) comprises 
5 a linear array of light sources extending perpen- 

dicularly to the lenticules. 



Claims 

10 

1. A display for producing an autostereoscopic im- 
age, comprising at least one light source (1-4) for 
producing a divergent beam of light, and a spatial 
light modulator (13) comprising a plurality of light 
modulating cells for modulating light passing is 
therethrough from the at least one light source (1 - 

4) in accordance with image data, characterised 
by: a first array (1 2, 22) of lenses or apertures ar- 
ranged to receive the divergent light beam from 
the or each light source (1-4), each of the lenses 20 
or apertures being arranged to produce an image 
of the or each light source (1-4) at a common im- 
age plane such that each image is laterally dis- 
placed by a respective predetermined amount 
from an optical axis of the corresponding lens or 25 
aperture and the respective predetermined 
amounts vary progressively across the common 
image plane; and a second array (16, 23) of lens- 
es or apertures having a common object plane 
which coincides with the common image plane. 30 

2. A display as claimed in Claim 1, characterised in 
that the first array of lenses (1 2) or apertures (22) 
is located between the at least one light source 
(1-4) and the spatial light modulator (1 3). 35 

3. A display as claimed in Claim 1, characterised in 
that the spatial light modulator (1 3) is located be- 
tween the at least one light source (1-4) and the 

first array of lenses (1 2) or apertures (22). 40 

4. A display as claimed in any one of the preceding 
claims, characterised in that the lenses of the 
first array (12) are converging lenses. 

45 

5. A display as claimed in any one of the preceding 
claims, characterised in that the lenses of the 
second array (16) are converging lenses. 

6. A display as claimed in Claim 5 when dependent so 
on Claim 4, characterised in that the first and sec- 
ond arrays (12, 16) comprise first and second 
lenticular screens (12, 16), r spectively. 

7. A display as claimed in Claim 6, characterised in ss 
that each of th first and second lenticular 
screens (12, 16) comprises a plurality of parallel 
elongate lenticules having cylindrical convergent 



9. A display as claimed in Claim 5 when dependent 
on Claim 4, characterised in that the first and sec- 
ond arrays (12,16) comprise first and second two 
dimensional arrays of lenses, respectively. 

1 0. A display as claimed in Claim 9, characterised in 
that the lenses of the first and second arrays (12, 
16) have spherical convergent properties. 

11. A display as claimed in Claim 9 or 10, character- 
ised in that the at least one light source (1-4) 
comprises a two dimensional array of light sourc- 
es. 

12. A display as claimed in any one of the preceding 
claims, characterised in that the pitch of the lens- 
es or apertures of the first array (12, 22) is sub- 
stantially equal to the pitch of the cells of the spa- 
tial light modulator (13). 

13. A display as claimed in Claim 12, characterised in 
that the pitch of the lenses or apertures of the 
second array (16, 23) is greater than the pitch of 
the lenses or apertures of the first array (12, 22). 

14. A display as claimed in Claim 13, characterised in 
that the pitch of the lenses or apertures of the 
second array (1 6, 22) is substantially equal to the 
product of the pitch of the lenses or apertures of 
the first array (12, 22) and an integer greater than 
1. 

15. A display as claimed in any one of the preceding 
claims, characterised in thatadiffuser (14) is dis- 
posed at the common image plane. 

16. A display as claimed in any one of Claims 1 to 14, 
characterised in that a field lens is disposed at 
the common image plane. 

1 7. A display as claimed in any one of the preceding 
claims, characterised in that the spatial light mod- 
ulator (13) comprises a liquid crystal device. 

18. A display as claimed in any one of the preceding 
claims, characterised in that the at least one light 
source (1-4) comprises a plurality of light sources 
(1-4) and in that each of the light sources is con- 
tiguous with the or each adjacent light source (1- 
4). 
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19. A display as claimed in Claim 18, characterised 
by further comprising control means (9) for se- 
quentially illuminating the light sources. 

20. A display as claimed in Claim 1 9, characterised in 5 
that the control means (9) is arranged to control 

the spatial light modulator (13) in accordance 
with a plurality of sequentially presented images 
representing a frame of a three dimensional im- 
age, each image comprising at least one view. 10 
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